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The subcellular locations of two potyviral proteins, the coat (CP) and nonstructural cylindrical inclusion (CI) proteins of
tobacco vein mottling virus (TVMV), during early stages in the development of systemic infections in plants, have been
investigated. Ultrathin sections of newly emerged leaves in infected plants were treated with antibodies specific to these
proteins and then with gold-labeled secondary antibodies and examined by electron microscopy. CI was detected near
plasmodesmatal connections between mesophyll cells prior to the appearance of CP or any virus-induced features or
effects. Further accumulation of CI was evident in the form of conical structures, many of which appeared to penetrate the
cell wall and to be connected to cones in neighboring cells. Prior to its appearance in other parts of the cells, the viral CP
was detected, often in linear arrays, near the vertices or inside the cones and in plasmodesmata. In situ hybridization
analysis of similar tissue sections with a TVMV RNA-specific oligoribonucleotide probe revealed the presence of the viral
RNA in plasmodesmata. These results lend support to the notion that the formation of specific structures by potyviral CI
proteins is required for and plays a direct role in the intercellular passage of viral genetic material, in the form of virus
particles or complexes containing viral CP and RNA, in infected plants. q 1997 Academic Press
INTRODUCTION ported (van Lent et al., 1990; Perbal et al., 1993; Wie-
czorek and Sanfacon, 1993; Storms et al., 1995).
Viruses move from cell to cell in plants through cyto-
A third mechanism of transport through plasmodes-
plasmic connections (plasmodesmata) and, with several
mata may be used by some plant viruses with filamen-
viruses, this process has been shown to be mediated by tous particles. The potexviruses and the potyviruses re-
specific virus-encoded proteins referred to as movement quire the CP for cell-to-cell movement but do not induce
proteins (MPs) (Atabekov and Taliansky, 1990; Deom et tubule formation in infected cells. Genetic analysis has
al., 1992). Different virus groups use different MP-medi- shown that three internal ORFs of the potexvirus genome,
ated mechanisms for the transport of viral genomes known as the triple gene block (TGB), are essential for
through plasmodesmata. A number of viruses, best ex- cell-to-cell movement (Beck et al., 1991) in addition to
emplified by tobacco mosaic virus (TMV), require the MP the CP (Chapman et al., 1992; Forster et al., 1992; Sit and
but not the viral coat protein (CP) for plasmodesmatal Abouhaidar, 1993). The CP of the potexvirus potato virus
trafficking. Their MPs have been shown to be localized X (PVX) is targeted to plasmodesmata in infected cells
to plasmodesmata and to increase the size exclusion but not in cells of plants transformed with the CP gene
limits of these cytoplasmic connections (Tomenius et al., (Oparka et al., 1996). At least one of the TGB proteins of
1987; Wolf et al., 1989; Fujiwara et al., 1993; Ding et PVX, the 25-kDa protein, seems to play a role in gating
al., 1995), probably exploiting an existing cellular mRNA plasmodesmata and therefore may have the characteris-
trafficking system (Lucas et al., 1995). Several groups of tics of a MP (Angell et al., 1996).
plant viruses with icosahedral particles move from cell The mechanism of cell-to-cell transport of potyviruses
to cell as virions and therefore require the CP in addition is poorly understood. Mutational analyses of tobacco
to the MP for movement. These viruses induce extensive etch virus (TEV) have shown that the core region of the
modification of cell walls by formation of tubules that CP is essential for the cell-to-cell movement process
traverse the walls. The viral MP is one of the proteins (Dolja et al., 1994, 1995). However, the role(s) of potyviral
that forms the tubules inside which virions are trans- CPs in transport is not clear. There have been numerous
studies on the subcellular location of potyviral proteins in
infected cells (reviewed in Lessemann, 1988), but strong1 To whom correspondence and reprint requests should be ad-
dressed. Fax: 34-1-5854506. E-mail: erguez@cnb.uam.es. evidence of an association of potyviral CPs with plasmo-
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desmata has not been presented. There have been re- analyses of healthy and TVMV-infected tobacco leaf pro-
tein extracts and were found to react only with the corre-ports of potyvirus particles in plasmodesmata (Russo and
Martelli, 1969; Weintraub et al., 1974) but these have not sponding viral protein used for immunization (not shown).
Detection of the nonstructural P3 protein of TVMV wasbeen verified by immunological or other types of evi-
dence. Most of the ultrastructural studies of potyvirus- done with a 10-fold dilution of the antiserum described
in RodrıB guez-Cerezo and Shaw (1991).infected cells have involved the examination of cells in
advanced stages of infection and these may not be ap- Antisera specific for the NIb and HC-Pro proteins of
TVMV were obtained from rabbits injected with Esche-propriate for studying cell-to-cell movement if this pro-
cess occurs early in infection. A specific potyviral MP, richia coli-expressed protein (NIb) or a protein prepara-
tion from infected plants (HC-Pro) and were kindly pro-i.e., one that has been shown to mediate the movement
process itself, has not yet been identified despite inten- vided by Patricia Klein and David Thornbury, respectively.
These antisera were tested by Western blot analysis assive mutational analyses of several viruses. The non-
structural proteins of potyviruses are multifunctional and described above.
genetic analyses may be complicated by the existence
Collection and processing of tissue forof functional domains overlapping others that are in-
immunolabelingvolved in essential roles in replication. One of these pro-
teins, the cylindrical inclusion protein (CI) produces ag-
Nicotiana tabacum L. var. Kentucky 14 plants were
gregates of elaborate structure composed of a central
grown in a greenhouse that was maintained at 23–277
core and radial arms and in a number of investigations
and that received a daily period of illumination of approxi-
these inclusions have been clearly shown to be origi-
mately 16 hr. The two oldest leaves of plants 30–35 days
nated at plasmodesmata (Lawson and Hearon, 1971;
old were manually inoculated with a suspension (10 mg/
Lawson et al., 1971; Andrews and Shalla, 1974). These
ml) of purified TVMV particles. Five days later, small
observations led to the suggestion of an involvement
pieces (0.5 1 2 mm) of tissue were excised from newly
of cylindrical inclusions with cell-to-cell movement
emerged leaves that were 1.5–2.5 cm in length but which
(Langenberg, 1986).
did not display symptoms. Samples were also collected
We have conducted an ultrastructural investigation of
from leaves 2.5–3.5 cm in length that were beginning
the location of potyviral proteins and RNA at early stages
to show vein-clearing symptoms. Control samples from
of infection of tobacco leaf mesophyll cells by tobacco
leaves of mock-inoculated plants were collected at
vein mottling virus (TVMV) and have detected two viral
stages equivalent to those from inoculated plants.
proteins, CI and CP, in cell-wall-associated structures
Immediately after collection, each piece of leaf tissue
presumed to be plasmodesmata. We show that the CI
was placed in 0.05 M sodium cacodylate (pH 7.2) con-
protein accumulates near plasmodesma-like structures
taining 2.5% glutaraldehyde and 0.05% Nonidet NP-40
before CP is detected and gives rise to conical aggre-
and the fixative was infiltrated with a gentle vaccuum.
gates frequently juxtaposed on either side of the cell
Samples were fixed overnight at room temperature and
wall. Our experiments locate the CP near or inside the
prepared for low temperature embedding in LR White
inclusions disposed as a filament that connects two cells
resin as described by Wells (1985).
via these structures. The results support a direct role
for CP in potyviral movement as virions or complexes Immunogold labeling
containing CP and RNA and suggest that the CI may be
involved in trafficking of the complexes. Ultrathin sections mounted on coated gold grids were
used for immunolabeling experiments. Sections were
blocked for 60 min in 1% bovine serum albumin (BSA),MATERIALS AND METHODS
0.1% Tween 20 in PBS, and incubated for 2 hr with the
Antisera
primary antiserum. All primary and secondary antisera
were diluted with 0.1% BSA, 0.01% Tween 20 in PBS.For detection of TVMV CP, two antisera were prepared
by injecting purified TVMV virions (that had been stored Sections were then washed four times (20 min each) in
0.05% Tween 20 in PBS. The secondary antibody waswith proteinase inhibitors) into rabbits or mice and these
antisera were used at 100- or 1000-fold dilutions, respec- colloidal gold-labeled goat anti-rabbit IgG (Sigma, 5- or
10-nm particles, diluted 40-fold). The sections were incu-tively. Antiserum specific for TVMV CI protein was ob-
tained by injecting rabbits with a 100-fold dilution of gel- bated for 30 min and then washed twice (20 min each),
followed, as above, by a final wash overnight in water.purified protein from a cylindrical inclusion preparation
from infected plants. Both anti-CP sera and the antiserum Staining with uranyl acetate and lead citrate was per-
formed prior to examination of the grids.prepared for CI were cross-absorbed with extracts of
uninfected tobacco plants and tested, prior to their use For double-labeling experiments with anti-CI and anti-
CP sera, sections were blocked and incubated in a mix-in electron microscopy experiments, in Western blot
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FIG. 1. Localization of viral CP in cell walls at early stages of infection of tobacco by TVMV. Ultrathin sections of tobacco mesophyll cells from
very young, asymptomatic leaves (1.5–2.5 cm in length) positioned above the inoculated leaf. (A) A view of a mesophyll cell, the intercellular space,
and areas of contact with neighboring cells. Dark staining structures observed in areas of contact between cells are marked by arrowheads. (B–
D) Higher magnification of some of the structures denoted by arrowheads in (A), showing their conical shape and the presence of CP-specific
label nearby or inside the cones and passing through a plasmodesma-like region (D). (E, F) Additional examples of conical deposits and the
association of TVMV CP with them. A cell showing a later stage of infection characterized by the presence of bundles of virus particles (vb) attached
to the tonoplast is shown in (G). Conical structures are observed at each side of the bundle and are bound to virus particles. Scale bars represent
2 mm (A), 200 nm (B, C, F, G), and 100 nm (D, E). cw, cell wall; ch, chloroplast; cy, cytoplasm; va, vacuole.
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FIG. 1—Continued
ture of rabbit-developed anti-CI serum (diluted 100-fold) formed in the presence of T3 RNA polymerase and digox-
ygenin-11-UTP according to the instructions of the suppli-and mouse-developed anti-CP serum (diluted 1000-fold).
ers of the DIG/Genius RNA labeling kit (BoehringerGold-labeled goat anti-mouse antibody (Sigma, 10-nm
Mannheim).particles) and gold-labeled goat anti-rabbit antibody
Ultrathin sections mounted on coated gold grids were(Sigma, 5-nm particles) were diluted 40-fold and used
prehybridized in buffer (50% deionized formamide, 10%together as secondary antibodies.
Dextran sulfate, 0.3 M NaCl, 10 mM PIPES, 1 mM EDTA,
2.5 mg/ml tRNA) for 1 hr at 427 and hybridized overnightIn situ RNA detection
in the same buffer containing approximately 2 ng/ml of
For the preparation of an RNA probe specific for TVMV the probe. Grids were washed twice in 21 SSC (20 min)
RNA (positive-sense), a derivative of pBluescript KS/ and twice in 0.11 SSC (20 min). For detection of the
(Stratagene) containing a sequence equivalent to nucleo- probe, grids were blocked as described for immunogold
tide residues 3546–5847 in the viral RNA was kindly labeling and incubated for 90 min with a sheep anti-
provided by John Murphy. The plasmid was linearized by digoxygenin antibody conjugated to 10-nm gold particles
(British Biocell International), diluted 40-fold. Grids weretreatment with MluI and in vitro transcription was per-
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TABLE 1
Number of Gold Particles Present in Different Regions of TVMV-Infected Tobacco Mesophyll Cells with Early Signs of Infection
Treated with Antisera against CI, CP, and P3 or Preimmune Serum
Antisera
Anti-CI Anti-CP Anti-P3 Preimmunea
Cell wall-bound conical inclusions b 29.5 { 9.6 4.0 { 6.0 6.3 { 1.9 0.1 { 0.3
(n  21) (n  42) (n  6) (n  14)
7.7 { 7.4c
(n  23)
Cell wall regions without inclusionsd 0.15 { 0.4 0.1 { 0.03 0.03 { 0.1 0.4 { 0.7
(n  38) (n  41) (n  30) (n  15)
Randomly selected parts of the celld 1.05 { 1.6 0.9 { 1.5 0.08 { 0.2 0.8 { 1.02
(n  56) (n  56) (n  49) (n  20)
a Only preimmune serum corresponding to CP-immunized animals is included. Other preimmune sera gave similar results (not shown).
b The number of inclusions analyzed is stated by n.
c Only the inclusions showing at least one gold particle were considered.
d Regions examined had an area similar to the average area calculated for the cylindrical inclusions examined. The number of regions examined
is stated by n.
washed and stained as described above for immunogold amounts of cylindrical inclusions and they do not contain
VBs. The most characteristic alteration is the presencelabeling.
of darkly staining structures located in areas of contact
between cell walls (arrows in Fig. 1A). Magnification ofRESULTS
these structures shows that they consist of conical ag-
Cellular alterations observed at early stages of TVMV gregates of needles that project perpendicularly from the
infection cell wall (Figs. 1B–1F), resembling young cylindrical in-
clusions (Andrews and Shalla, 1974). In certain planes,Since many of the vital activities of the virus are initi-
the needles seem to traverse the wall and connect twoated within the first few hours after inoculation of a cell,
cones (Fig. 1F). After examination of many independentwe collected samples from very young leaves in which
sections these conical structures were seen only atsystemic infections were just beginning to be estab-
places of contact between cell walls. The structures werelished; i.e., from newly emerging leaves positioned two
never observed in control sections from noninfectedto three leaves above the inoculated leaves. We first
plants.examined sections from leaves 2.5–3.5 cm in length that
were displaying the early, mild vein-clearing symptoms
Immunogold localization of viral proteinsof TVMV infection. Many of the mesophyll cells in these
sections contained aggregates of virions in the form of The subcellular location of the CP was examined in
sections of these small leaves. The TVMV CP-specificbundles (VBs) near the tonoplast and an abundance of
cylindrical inclusions in the cytoplasm (not shown). gold particles were clearly observed near the cones and
were usually arranged in a linear fashion near the vertexThese features are typical of mature TVMV infections of
tobacco cells in which the use of anti-TVMV CP sera and of the cone (Figs. 1B–1D) but were not present as the
major component of the structure. It was also evidentimmunogold particles have produced heavy labeling of
tonoplast-associated VBs and less intense labeling of that CP gold label can be located inside the cone (Figs.
1C–1E) in a linear form that passes through the cell wallthe cylindrical inclusions but no labeling of plasmodes-
mata or cell walls (Ammar et al., 1994). and enters a neighboring cell. No CP-specific label was
detected in other parts of the cell nor were the conesThe presence of cells showing mature infections in the
leaf sections described above prompted us to examine labeled by preimmune serum (Table 1). Figure 1G shows
a more developed infection with VBs apparent near theyounger leaf tissues. These samples were taken from
leaves about 1.5–2.5 cm in length in which symptoms of tonoplast and two adjacent cones facing plasmodesmata
and bound to virions. The micrographs shown in Fig.TVMV infection were not yet apparent. When sections
from these leaves were examined, a few infected meso- 1 indicate that structures that appear to be immature
cylindrical inclusions are formed at areas of contact be-phyll cells could be identified and their cytopathology is
depicted in Fig. 1. At this stage of infection, the cells do tween cell walls and at some point are associated with
CP-containing complexes that pass through the cell wall.not show enlarging of the cytoplasm to accomodate large
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FIG. 2. Localization of TVMV CI protein-specific label in the conical structures that develop near cell walls, confirming them as young cylindrical
inclusions. In (C) and (D) the label is seen in a curvilinear array (arrows) that in (D) seems to connect two inclusions. Scale bars represent 100 nm
(A, B, D) and 200 nm (C). cw, cell wall; ch, chloroplast; cy, cytoplasm; va, vacuole.
To confirm the nature of the structures with which cles strongly labeled the structures confirming them as
immature cylindrical inclusions and sometimes labeledTVMV CP was found associated, sections were incu-
bated with antiserum specific for TVMV CI protein and the cone-forming needles (Figs. 2A and 2B). Strikingly,
CI-specific label was also seen in channels probablythe results are presented in Fig. 2. CI-specific gold parti-
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connecting two cones (Figs. 2C and 2D). The CI protein of genetic material of TVMV from cell to cell, we exam-
ined the distribution of genomic-sense RNA of TVMV inlabel was seen near the cell wall even before the forma-
tion of the needles that compose the cones was detected sections of cells described above (Fig. 5). Two main sites
of accumulation of TVMV RNA-specific gold label were(Fig. 2A).
We next performed double-labeling experiments with observed. One coincided with the location observed for
CP, i.e., the RNA was detected near or inside the conesantisera specific for CI and CP and detected the specific
antisera with two sizes of colloidal gold (5 nm for the CI facing (Figs. 5A and 5B) or in the cell wall (Fig. 5C). A
second location for TVMV RNA-specific gold label wasand 10 nm for CP). This allowed us to study the relative
location of both proteins in the conical aggregates. The as clusters in the cytoplasm (Fig. 5D). The probe was
also used for the treatment of sections of leaves showingresults are presented in Fig. 3. Again, before the forma-
tion of needles the CI protein-specific gold label was signs of mature TVMV infections. The probe labeled
heavily the typical aggregates of TVMV virions that ap-seen to accumulate at the cell wall near plasmodesmata
but CP was not present (Fig. 3A). When typical wall- pear at the tonoplast and more weakly the cytoplasmic
cylindrical inclusions (not shown). This indicates that theassociated cones were sectioned, they were found fre-
quently labeled only with CI-specific gold particles and probe probably recognizes encapsidated TVMV RNA.
The specificity of the probe was further tested by incubat-again the label was present inside intercellular channels
(Figs. 3B and 3C). However, in some sections of cones ing sections from healthy controls. No accumulation of
gold label was detected in these sections (not shown).it is clear that the CP is inside the inclusion and is ar-
ranged in a linear fashion probably aligned with the plas-
DISCUSSIONmodesmata (Fig. 3D). It may be that only a few wall-
associated cones contain CP or that the section plane In a study of the subcellular location of TVMV proteins
is critical to the detection of CP inside these structures. and RNA at early stages of infection of tobacco meso-
As infection progresses the cones lose their association phyll cells, we have identified structures and viral pro-
with the cell wall and are seen near it bound to endoplas- teins that are probably involved in the transport of potyvi-
mic reticulum cisternae as has been shown by other ruses through plasmodesmata. Three main conclusions
authors (Lessemann, 1988) (Fig. 3E). The CI protein is can be derived from the micrographs presented here.
also seen in the cytoplasm where it assumes the classi- First, the nonstructural protein CI is associated with the
cal pinwheel structure (Fig. 3F). CP-specific gold label cell wall before detection of other viral proteins in the
remains associated with the inclusions at these stages. cell is evident. Second, further accumulation of CI protein
The presence of other nonstructural TVMV proteins in forms conical deposits that penetrate the cell wall. Third,
or near the cell wall areas where the cones are located the wall-bound deposits of CI protein contain P3 protein
was examined. The P3 protein of TVMV has been shown and are associated with complexes containing viral CP
to colocalize with the CI protein in cells showing mature and RNA that can be detected inside plasmodesma-like
infections (RodrıBguez-Cerezo et al., 1993). At the stage of structures. Altogether the results support direct roles for
infection examined in this work, the P3-specific label was potyviral CP and CI proteins in the transfer of potyvirus
only detected (Table 1) in association with the cell wall- genetic material from cell to cell.
bound cones (Fig. 4), suggesting that P3 and CI are asso- Our results show that cell-to-cell movement of TVMV
ciated throughout the infection cycle of TVMV. Antisera begins early in infection, before other well-documented
specific for TVMV NIb protein, or HC-Pro protein did not cytological alterations are observed in TVMV-infected
label the wall-bound cones or the plasmodesmata (not cells (Ammar et al., 1994), and that the young forms of
shown). The presence of the P1, NIa, and 6K proteins of cylindrical inclusions produced by potyviruses have a
TVMV was not examined. Treatment of sections of in- function in this process and are not byproducts of potyvi-
fected leaves with preimmune sera showed no gold accu- rus infection. A functional role for these inclusions in
mulation in any defined subcellular location (not shown). virus movement early in infection has been suggested
before (Langenberg, 1986, 1993; Lessemann, 1988),
In situ hybridization analysis of TVMV RNA
based upon their universal presence in potyvirus-in-
fected cells, their elaborate three-dimensional structure,To test the hypothesis of an involvement of the conical
structures that develop at plasmodesmata in the transfer and their development abutted to regions in cell walls
FIG. 3. Simultaneous localization of viral coat (10 nm gold) and CI (5 nm gold) proteins in cells of tobacco plants infected with TVMV. (A) CI-
specific label is observed close to cell wall regions containing plasmodesmata before cone-like inclusions are formed (arrowheads). (B, C) Inclusions
facing the cell wall showing only CI-specific label. Note that the structure penetrates the cell wall. (D) A section revealing the linear disposition of
CP-specific label inside a cone. (E, F) Localization of CP- and CI-specific labels at later stages when cylindrical inclusions have become detached
from the cell wall (E) or are elsewhere in the cytoplasm (F). Scale bars represent 200 nm (A–E) and 100 nm (F). cw, cell wall; ch, chloroplast; cy,
cytoplasm; va, vacuole.
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FIG. 4. Localization of viral P3 protein (arrowheads) in the conical inclusions that develop near the cell wall in two sections of leaf tissue from
tobacco plants infected with TVMV. Scale bars represent 200 nm. cw, cell wall; cy, cytoplasm; va, vacuole.
FIG. 5. Localization of viral RNA-specific label (arrowheads) in ultrathin sections of mesophyll cells in leaves of TVMV-infected plants. (A, B)
TVMV RNA label associated with inclusions near cell walls as described for TVMV CP in the legend to Fig. 1. (C) TVMV RNA-specific label
accumulating inside a plasmodesma-like structure. (D) A cluster of TVMV RNA-specific gold particles in the cytoplasm. Scale bars represent 200
nm (A, B, D) or 100 nm (C). cw, cell wall; cy, cytoplasm; va, vacuole.
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containing plasmodesmata (Lawson and Hearon, 1971; can bind CP or virions of unrelated viruses such as furo-
viruses (Langenberg, 1989) but whether this observationLawson et al., 1971; Andrews and Shalla, 1974). The pas-
sage of TVMV CP (Figs. 1 and 3) through the cell walls relates to the ability of potyviruses to complement cell-
to-cell movement of other viruses has not been studied.supports the hypothesis in which the inclusions are pur-
ported to chaperone the filamentous potyvirus particles Since TVMV CP is detected inside the plasmodesmata
(Fig. 1), mutations in the potyviral CP gene could alsofor transport from cell-to-cell (Langenberg, 1986, 1993).
The CP complexes inside or attached to the periphery affect putative plasmodemata-modifying functions of the
CP such as size-exclusion limit modification, as sug-of the inclusions have a linear shape (Figs. 1 and 3) and
contain viral RNA (Fig. 5), suggesting that they could be gested by Gilbertson and Lucas (1996).
No genetic evidence is available for involvement of thevirions targeted for transport. However, the possibility of
a specific potyvirus transport complex involving CP, RNA, CI or P3 proteins of TVMV or other potyviruses in cell-
to-cell movement. The biochemical activities as helicaseand unidentified proteins cannot be excluded.
It has been suggested that the morphology of the and ATPase demonstrated for the potyviral CI protein
(LaıB n et al., 1990, 1991) may be related to an energy-young cylindrical inclusions may be related to their role in
facilitating movement of potyviruses (Langenberg, 1986). providing function in movement or may reflect the multi-
functional nature of potyvirus proteins. CI or CI-con-The early stage of the inclusions, as described here and
in other studies (Andrews and Shalla, 1974), is a cone taining polyproteins may contain signals for targeting
near plasmodesmata, as suggested by the early locationmade of triangular protein plates attached to a central
tubule. The tubule is located over plasmodesmata and of CI-specific label near plasmodesmata. It should be
noted that the CI and P3 proteins accumulate at discretemay be the site where the TVMV CP-specific gold label
(Figs. 1 and 3) is located and thus a particular plane of regions of the plasma membrane and produce cones in
TVMV-infected tobacco protoplasts (Murphy et al., 1991;the section may be needed to reveal the CP inside the
cone. Interestingly, cells infected with closteroviruses RodrıB guez-Cerezo et al., 1993). In this sense they resem-
ble the MPs of plant viruses that induce tubules at plas-(that possess long and flexuous virions like potyviruses)
also show the formation of conical deposits adjacent to modesmata. These proteins are able to assemble into
tubules in the absence of cell walls, suggesting that sig-plasmodesmata to which virions seem to attach to tra-
verse plasmodesmata (Pinto et al., 1988). It may be that nals in the plasma membrane are retained after cell wall
digestion (Perbal et al., 1993; Wellink et al., 1993; Stormsa particular structure is needed for guiding filamentous
virions through plasmodesmata. At later stages of infec- et al., 1995). It is not known whether the CI protein modi-
fies the properties of plasmodesmata (i.e., whether it actstion the cylindrical inclusions detach themselves from
the cell wall and are seen associated with membrane as a MP). The CI protein is detected inside the plasmo-
desmatal channel, but at a stage when cones are formedcisternae close to the plasmalemma or are located else-
where in the cytoplasm (Fig. 3) (Lessemann, 1988). We and CP complexes are likely recruited. It could be that
the ability of CI to enter plasmodesmata is triggered byhave suggested roles for mature cytoplasmic inclusions
in replication and/or encapsidation of TVMV (RodrıBguez- the CP complex.
Cerezo et al., 1993; Ammar et al., 1994). Although these
roles cannot be excluded, the results showed here open
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